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Mr. Robert Hunt  on Chroma.Cyanotype. 435 

A d ,  u +  B d u u +  Cd~u---O. 
Now the equation to the osculating plane at the point (xyz)is 

A ( X - - x ) + B ( Y - - y ) + C ( Z - - z ) - - O ;  . . (9.) 
and tile equations to the normal are 

d~u dyu d~u (10.) 
= = . . . .  

X, ¥ ,  Z being the current coordinates of a point in the plane 
or normal; and when the plane (9.) contains the normal (10.), 
we have the condition 

Ad~u + Bdyu + Cd~u = O. 
Hence equation (8.) expresses that the osculating plane con- 
tains thenormal ;  now this is the property of the shortest line 
between two points on the surface. Also we have 

d s T =  -- (Xd,  x + Yd,  y + Zd,  z) = 0 ,  
.'. T = constant = b, 

k 
and pressure = - -  on an unit of length. 

e 
Since the tension is constant, we must suppose the two ex- 

tremities either to be fastened to the surface or pulled by any 
equal forces; and then the curve into which the string will be 
arranged will coincide with the shortest line that can be drawn 
on the surface between those points. 

I remain, Gentlemen, 
St. John's College, Cambridge, Your obedient Servant, 

March ~5, 1844. J . A .  COOMBE. 

L X I I I .  Chromo-Cyanotype, a new PhotograpMc Process. By 
ROB~.rtT HUNT, Secretary to the Royal Cornwall Poly- 
technic Society. 

To Richard Taylor, Esq. 
DEAR SIR, 

B E I N G  engaged in the investigation of some changes pro- 
duced by the agency of the solar rays upon various me- 

tallic solutions, I was led to notice some very remarkable 
effects connected with tile precipitation of the per- and proto- 
salts of iron. I t  would be premature to publish these expe- 
riments, but there has arisen out of them a photographic pro- 
cess of so pleasing a character, affording phwnomena of so 
curious a nature, and the process is so exceedingly simple, 
that I am induced to forward a description of it to you, not 
doubting but it will be interesting to the readers of the Philo- 
sophical Magazine. 

To distinguish this from the cyanotype processes of Sir 
2 F 2  
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4S6 Mr. Robert Hunt  on Chromo-C•anotype, 

John Herschel, which in many respects it resembles, I pro- 
pose to call it CHROMO-CYANOTYPE, the propriety of which 
term will, from the following description of the process, be 
sufficiently apparent. 

It is now well known that the bichromate of potash is very 
susceptible of change under the influence of the chemical 
principle of the solar rays, which, for reasons I have elsewhere 
assigned*, I am disposed to consider as an independent prin- 
ciple, and for which I have suggested the name ENERGIA. At 
the last meeting of the British Association, I published a pro- 
cess (the chromatype) in which a mixture of the bichromate 
of potash and the sulphate of copper was the photographic 
material employed. In the process to which I would now call 
attention, the bichromate is used in combination with the fer- 
rocyanate of potash. I draw attention to this, more particu- 
larly, to show how very varied are the photographic effects 
produced by the combinations of chromic acid ; in addition to 
those already published, my experience has brought me ac- 
quainted with at least twenty others, which promise, with at- 
tentive manipulation, to produce singularly varied and beauti- 
ful results. 

To one ounce of a saturated solution of the bichromate of 
potash add half an ounce of a solution of the ferrocyanate of 
potash containing half a drachm of the salt. The solutions 
upon mixing become a dark brown, but no precipitation takes 
place. With this mixture wash over one side of a sheet of 
letter paper and dry it by the fire. Upon paper thus pre- 
pared a picture is impressed in the ordinary way, the image 
being.a very faint negative one. This paper is not sufficiently 
sensmve to be affected by the subdued light of the camera 
obscura, but in the sunshine very interesting copies of engra- 
rings may be procured. Upon this paper, as upon the com- 
bination of the bichromate of potash and the sulphate of copper 
used in the chromat~cpe process, the sun's rays exert two di- 
stinct actions, browning the paper in the first instance, and 
then with some rapidity bleaching it. Prismatic analysis 
shows these two dissimilar effects to be produced by rays of 
nearly the same degree of refi'angibility. The first browning 
takes place under the mean blue ray of the spectrum, and 

~ radually extends itself upwards to beyond the violet ray, and 
ownwards to the green ray ; and the first indication of whi- 

tening is seen about the mean viole b and it extends slowly 
over the whole of that space which has been previously dark- 
ened. We  have several curious instances in which rays are 
seen to destroy their own work in this manner. 

* See Researches on Light, by the author. 
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a ne*,v Photographic Process. ¢S7 

The very faint negative picture, produced as above, will, if 
plunged into a weak solution of the sulphate of the protoxide 
of iron, be immediately changed into a positive one; the 
shadows being formed by a deposit of prussian blue, more 
copiously over those parts which were shaded than those on 
which the sun had more influence. The picture thus formed 
is however somewhat indistinct, but by looking through the 
paper it is seen that every part is faithfully preserved. I f  in- 
stead of the proto-salt the persulphate is used, a very intense 
blue negative picture of considerable interest results. In this 
ease the deposit of prussian blue takes place over the solarized 
portions of the paper, the precipitation being relatively ac- 
cording to the quantity of "energia" which has acted upon 
the preparation. The lighter parts of these photographs are 
at first yellow, and if left in this state they are liable to be- 
come blue; but if soaked for a few minutes in a solution of 
carbonate of soda, the yellow eolour is removed, and the pie- 
ture is a white and an intense blue. These drawings, as you 
will perceive from the specimens sent, will not serve as origi- 
nals from which copies might be taken, they do not possess 
transparency. It is curious, however, to mark the develop- 
ment of a positive image on the back of each negative picture, 
which, though faint, has much the air of a mezzotinto engra- 
ving. 

The different action of the two sulphates of iron is remark- 
able, and it hardly admits of a satisfactory explanation. It 
would appear that the ferrocyanate of potash, spread upon 
paper, undergoes some change which prevents its precipitating 
the proto-sulphate, by long exposure to sunshine; but with 
this salt alone I have never, ill this way, been enabled to get 
more than an image of the body obscuring the paper ; I there- 
fore regard the bichromate of potash as accelerating merely 
the change on the ferrocyanate. Papers spread witl~the fer- 
rocyanate alone are affected precisely in the same manner if 
plunged into a solution of the sulphate of the peroxide. In 
both cases with the chromo-cyanotypes, the unchanged parts 
of the picture precipitate prussian blue, and hence we have in 
the one case a positive picture on the right side of the paper, 
and in the other case a positive image on the wrong side of 
the paper. I find, upon dipping a photographic picture 
formed on paper, simply spread with the biehromate of potash, 
into the per-solution, that every part is immediately removed, 
and the paper left perfectly white. From this it would appear 
that the oxide of chromium formed over the most exposed 
parts is dissolved off, leaving the ferrocyanate of potash to 
exert its influence on the salt of iron, which it does with greater 
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438 Mr. Robert Hun t  on Chromo-Cganot~/pe. 

energy than upon those parts on which the mixed salts of 
chrome and ferrocyanogen remain unchanged. 

In subjecting paper thus prepared to prismatic analysis, the 
space covered -by the blue ray is the first which darkens, and 
for some time the action is confined to this portion of the 
spectrum ; but it extends at length, as before stated, from the 
most refrangible limits of the green ray to a space a little be- 
yond the visible violet rays. If, however, after a short expo- 
sure to the spectrum, the paper is dipped into a solution of the 
protosulphate of iron, a space which corresponds in extent to 
the entire luminous spectrum is left free, or nearly so, of preci- 
pitated prussian blue. I f  after an exposure of fifteen or twenty 
minutes to the prismatic image, concentrated by means of a 
lens, we wash the paper, without removing it, with the iron 
salt, the precipitation appears to take place pretty uniformly 
over every part;  but if we soak it in a little water, and then 
wash the paper with a soft sponge, all the prussian blue is re- 
moved, except over a space which exceeds the limits of the 
visible spectrum at both ends. Below the visible red rays the 
action appears to have extended to the maximum heat spot, 
so well developed in the experiments of Sir John Herschel, 
the blue deposit forming a well-defined circular termination, 
below which are some evidences of a protecting action similar 
to that exerted by the "ex t reme red rays"  in many instances. 
Beyond the violet rays the action is extended over the invi- 
sible space to an extent nearly equal to that of the so-called 
"visible chemical rays." The action is tolerably uniform 
throughout the whole extent of this spectrum, but there are 
evidences of a maximum action in the mean blue ray. I en- 
close you the spectral image thus tbrmed. 

I f  we soak one of these negative chromo-cyanotvpes in a 
solution of pure potash or ammonia, the picture is obliterated, 
but it may be revived by exposure to sunshine, or by the ap- 
plication of heat ; but in both cases the parts which were blue 
become brown. 

The picture is still more perfectly obliterated if we expose 
it to the action of the nitrate of mercury and sunshine at the 
same time ; a sheet of blank white paper apparently remains, 
but the picture is only clouded, not destroyed. If  held before 
a warm fire, or still better, if a hot iron is applied, a positive 
image of some intensity replaces the negative one. This pe- 
culiarity has been noticed in the cyanotypes by Sir John 
Herschel, but in the instances he has given the picture is im- 
proved by washing out the mercurial salt previously to the ap- 
plication of heat, but if this is done in the present instance, the 
revived picture is exceedingly faint. Such are the interesting 
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Sir D. Brewster on the Law of  Position in Vision. ~S9 

peculiarities of this preparation ; and the), furnish us with ad- 
ditional evidence of the remarkable changes induced in bodies 
by the solar emanations, which we were comparatively igno- 
rant of previously to the publication of the Daguerreotype and 
photographic processes. 

I remain, dear Sir, 
Yours faithfully, 

Falmouth, May 8, 1844. ROBERT HUNT. 

LXIV.  On the Law of  Visible Position in Single and Bi- 
nocular Vision, and on the representation of  Solid Figures 
b3] the union of  dissimilar Plane Pictures on the Retina. By 
Sir DAvIDBR~.WSTV.lt, K.H. ,D,C.L,  F.R.S.~ and V.P.R.8. 
Edin. 

[Continued from p. 365 and concluded.] 
4. On the Binocular Vision of  Figures of  DidTerent Magnitudes. 

M R. W H E A T S T O N E  seems to have been the first person 
who made experiments on the binocular vision of un- 

equal figures. Having drawn on separate pieces of paper "two 
squares or circles, differing obviously, but not extravagantly, in 
size," he placed them in the stereoscope, and concluded t~om 
his observations that the two unequal pictures "coalesced, and 
occasioned a singleresultant perception;" and that thebinocular 
image thus perceived was apparently intermediate in size be- 
tween the two unequal monocular ones. This perfect coa- 
lescence of the two images he considers as demonstrated, and 
he deduces from it the important conclusion, that, if it were 
otherwise, "objects would appear single only when the optic 
axes converge immediately forwards." That is, we see objects 
single when the optic axes converge laterally in virtue of the 
coincidence of two unequal images. 

These extraordinary results are obviously subversive of the 
established laws of vision, but especially of the law of visible 
direction ; and if they are true, they must arise fi'om a sudden 
change in the properties of the humours, or in the functions 
of the retina. The lesser image may become greater, or the 
greater less, by a variation in the refractive density or the 
form of the cornea and the crystalline lens, or, what would be 
more probable, the retina may become subject to a new law 
of visible direction. Assuming this to be the case, we must 
suppose the change of law to take place in each eye, so that 
the larger image must be seen less, and the smaller image seen 
greater, than they really are. Now, this change must take 
place instantaneously at the moment of coalescence, for tim 
two images retain their proper magnitude till their apparent 
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